present 6 days before the synthesis of immunoglobulin M antibody. Antibody activity to this antigen was also present in urine, and antibody could be eluted from bacteria coated with antibody. Local antibody to the lipoprotein was synthesized in equal quantities by animals infected with a heterologous species ofE. coli. This antigen was not as mitogenic for splenic or kidney lymphocytes as was the 0 antigen. Hence, the lipoprotein of the organisms is a potent immunogen but a weak mitogen locally in pyelonephritis. This antibody response probably does not induce protection against infection, but represents a marker for presence of infection.
The local immune response in experimental pyelonephritis is characterized by the synthesis of antibody to the 0 antigen (lipopolysaccharide) by day 9 of infection and the presence of lymphocytes responsive to the homologous lipopolysaccharide by day 19 of infection (7, 12, 13) . In contrast, little antibody is synthesized to the K antigen ofEscherichia coli, nor do local lymphocytes respond to this antigen (16, 17) . It is not known whether the immune response is directed against other antigens of the infecting organisms in pyelonephritis, since most of the clinical studies have been concerned with the response to the 0, K, and H antigens of the infecting organism (5) .
Recently, certain distinct proteins of the cell wall of E. coli have been isolated and purified (2, 11) . The lipoprotein of the outer membrane of the cell wall ofE. coli has been characterized and is found in the outer membrane of the cell wall of all members of Enterobacteriaceae (1, 2). Although it was possible to elicit small quantities of antibody against the lipoprotein with encapsulated, intact organisms, high titers of antibody occurred with rough mutant strains of E. coli. It has been postulated that this failure to induce antibody with live bacteria occurs because the lipoprotein is not exposed on whole bacteria (1) . The lipoprotein has also been shown to be mitogenic for mouse lymphocytes (8) . Hence, studies were performed to determine if the lipoprotein of the outer membrane of an encapsulated strain of E. coli 06:K13:H1 induced antibody at the infected site or was mitogenic for kidney lymphocytes. Furthermore, studies were done to determine if antibody to this lipoprotein was induced by organisms of a different E. coli serotype. The antibody assay chosen for these studies was the enzyme-linked immunosorbent assay (ELISA), which has been shown to be a sensitive assay for local antibody (14, 16) .
MATERIALS AND METHODS
Experimental pyelonephritis. Experimental pyelonephritis was produced in male New Zealand white rabbits as described previously by injecting 108 E. coli 06:K13:H1 intravenously while the right kidney was transiently obstructed (7) . The animals were bled and sacrificed on various days after infection, and the right kidney was examined for evidence of pyelonephritis. Tissue wedges were cultured for viable organisms, and minced kidney slices were incubated for determination of protein, immunoglobulin, and antibody synthesis as described previously in detail (4, 7) . Kidney fractions containing either immunoglobulin G (IgG) or IgM were utilized in antibody tests.
Antigen preparation. The E. coli 06 antigen was extracted by a modification of the phenol-water method (9) . The murein-lipoprotein from E. coli 06:K13:H1 was prepared by disrupting E. coli cells with glass beads in the presence of deoxyribonuclease in a Nossal disintegrator (2) . The cytoplasm was separated from the disrupted cells by differential centrifugation. The disrupted cells were then suspended in normal saline and boiled for 2 h in 4% sodium dodecyl sulfate at a 1:6 ratio to remove lipopolysaccharide. The sediment was then centrifuged and washed four times. This preparation (mureinlipoprotein complex) was shown to be free of lipopolysaccharide when lipopolysaccharide content was determined by measuring the amount of 2-keto-3-deoxyoctonate (Sigma Chemical Co., St. Louis, Mo.) released from samples by hydrolysis with 0.02 N H2SO4 at 100°C for 20 min. 2-Keto-3-deoxyoctonate was analyzed by the thiobarbituric acid procedure of Osborn by reading absorbance at 548 nm (10) . The 0 antigen served as a positive control.
The complex was then suspended in tris(hydroxymethyl)aminomethane buffer and digested with lysozyme overnight at 34°C (3). The supernatant obtained was concentrated by chromatography on Sephadex G 75 with 0.01 M sodium bicarbonate buffer. The muropeptide-containing lipoprotein was detectable in fractions recovered in the exclusion volume when portions were tested with ninhydrin after alkaline hydrolysis (3).
Antibody determination. Serum and kidney antibodies to 0 and lipoprotein antigens were determined by using the ELISA technique, which has been used previously to detect antibody to 0 antigen (14, 16) . Polystyrene plastic tubes were coated with 1 ml of the optimal concentration (20 i.g/ml) of the purified E. coli 0 and muropeptide-lipoprotein antigens. This same concentration of the lipoprotein (20 Ag/ml) was also found to have optimal activity with high-titer antisera (Fig. 1 ). After thorough washing to remove unattached antigen, dilutions of serum, kidney fractions that had been chromatographed on diethylaminoethyl (7, 14) , or urine were added to tubes, which were mixed in a shaking water bath at 22°C for 6 h. Unattached protein was then removed by repeated washing with phosphatebuffered normal saline (PBS; pH 7.4) containing Tween 20. The antigen-antibody complexes were incubated with alkaline phosphatase conjugates of goat anti-rabbit IgG, IgM, or IgA, after which the enzyme activity of the bound conjugates was measured spectrophotometrically by adding the substrate, p-nitrophenyl phosphate. In the ELISA, the calculated titer was the log10 of the reciprocal of the serum, kidney, or urine dilution that had an extinction 0.15 above the base-line level (16) . In previous studies, the antibody titer in kidney fractions represented newly synthesized local intrarenal antibody (16) .
Antibody reactivity of urinary bacteria coated with antibody. Urine obtained from infected rabbits was analyzed for antibody-coated bacteria (ACB) (15) with PBS through three changes over 48 h. Control material was obtained by incubating bacteria grown in Trypticase soy broth with citrate buffer. Then antibody activity with the ELISA method was determined on eluate from ACB-positive and control bacteria.
Lymphocyte responsiveness. Spleen and kidney lymphocytes were obtained by scraping tissue fragments with 50-wire mesh as described previously (13) . Cells were washed and adjusted to a final concentration of 2 x 106 lymphocytes per ml of RPMI 1640 medium containing 8% decomplemented normal rabbit serum. Tubes were then incubated in triplicate at 37°C in a CO2 incubator for 3 days in the presence of serum alone or with 50 tig of purified lipopolysaccharide or muropeptide-containing lipoprotein per ml. This concentration gave maximal stimulation with each antigen. Cells were then processed as described previously. Eighteen hours before completion of incubation, 2 Antibody activity to the lipoprotein was detectable in urine in most animals studied from day 14 on (Table 2 ). The antibody level was quite low when compared with titers in serum or kidney. However, the test was performed on unconcentrated urine, and thus indicates again the sensitivity of the ELISA method for detect- NDd ND Normal ing antibody activity in urine (16) . In previous studies, bacteria in urine were shown to be coated with antibody to the 0 antigen (15) . Hence, tests were performed to determine if any ACB was directed against the lipoprotein antigen. The eluate from bacteria positive for antibody contained antibody activity in IgG class directed against lipoprotein, whereas no antibody was eluted from control bacteria. Lymphocyte response to lipoprotein antigen. Splenic and kidney lymphocytes obtained from two normal and five infected animals were studied for response to the lipopolysaccharide and lipoprotein antigens. Splenic lymphocytes from normal animals showed no significant increase with either antigen. A significant response to the lipopolysaccharide was detected in spleen lymphocytes from all animals with a range of 5 to 19 times base-line synthesis (Table  3) , whereas only three of five responded to the lipoprotein with a range of 3 to 7 times in those with significant stimulation. Kidney lymphocytes from three of four animals showed significant response to the lipopolysaccharide antigen, whereas only one of the four responded to lipoprotein. In these animals, there was no increase in base line compared with normal splenic or kidney lymphocytes.
DISCUSSION
In these studies the ELISA method was shown to be a highly sensitive antibody test for the recently described common antigen of Enterobacteriaceae, the lipoprotein (1-3) . A small quantity of antigen was shown to be optimal in the test, as shown previously with this method with 0 and K antigens (14, 16) . A significant local immune response to the lipoprotein antigen of the outer membrane of E. coli was present in hematogenous pyelonephritis. The local IgG antibody response preceded by at least 6 days that in the IgM class, a feature noted previously in studies of the local immune response to 0 antigen (14) . Thus, the local responses differ significantly from the serum response, which shows the sequence from IgM to IgG class (18) . Although the lipoprotein of E. coli appears to occupy the innermost part of the outer membrane of the cell wall (1), the present studies indicate that infection with an encapsulated strain can lead to exposure of this antigen at the infected site and result in significant local synthesis of antibody. Thus, the antibody response in infection differs from the response to encapsulated smooth bacteria given intravenously (1) .
In these studies, a local antibody response was detectable in infection with a heterologous E. coli (a strain with a different 0 antigen without detectable K antigen). It has been proposed that this newly described common antigen might be useful in characterizing mutants ofEnterobacteriaceae (1) These studies do not indicate whether this antigen plays any significant role in the pathogenesis of chronic pyelonephritis, as has been postulated for the lipopolysaccharide or 0 antigen (5). It is not known whether the immune response to the lipoprotein plays any role in protection against infection of the urinary tract. However, antibody to lipoprotein synthesized locally does appear to bind to antigen on intact organisms, since antibody eluted from ACB in urine was directed against this protein of the cell wall. In previous studies, antibody to lipopolysaccharide or 0 antigen could be eluted from bacteria, and a positive ACB test could be correlated with the synthesis of local antibody (15) . Since the lipoprotein represents a common antigen which induces a local antibody response with infection and coats bacteria in urine, then a positive ACB test in patients with recurrences of upper urinary tract infection could reflect antibody to this antigen as well as the 0 antigen. In studies evaluating sequential tests in patients with recurrent urinary tract infection, it has been shown that recurrences with different organisms are associated with repeatedly positive ACB tests (6) . It is possible that antibody to the lipoprotein is a marker for these repeatedly positive tests. Conversely, it is not likely that this antibody protects against infections, since recurrences are quite commonplace in these patients.
